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DESCRIPTION 



\ DATATRANSFER APPARATUS AND DATA TRANSFER SYSTEM 



Technical Field 



The present invention relates to a data transfer apparatus and data transfer 
system that transfer data, and in particular relates to a data transfer apparatus and a data 
transfer system that comply with the communication protocols that relate to networks. In 
addition, the present invention relates in particular to apparatuses (below referred to as 
router apparatuses) and network systems in which the switching of packets (below, 
referred to as IP packets) among data transfer apparatuses is carried out in compliance 
with Internet Protocol, and, when the network is constructed by a plurality of router 
apparatuses, relates to an advantageous technology that is applied to these router 
apparatuses. 



As an example of a conventional data transfer apparatus, a data transfer 
apparatus positioned at the edge of a network is known that allocates a different light 
wavelength for each destination address contained in the IP packet, time division 
multiplexes the allocated light wavelengths, and transmits the optical signal that 
comprises the data by using the time division multiplexed light wavelength. Thereby, 
this data transfer apparatus transmits a large amount of data at a high speed and 
efficiency. (For example, refer to Japanese Unexamined Patent Application, Fkst 
Publication, No. 2001-251253, paragraph 33, paragraph 43, and FIG. 10.) 



Background Art 



As another example of a conventional data transfer apparatus, a data transfer 
apparatus is known in which the routing process for IP packets in which a path is 
determined when data is transferred based on the IP packet is integrated with the routing 
process for the light wavelength in which the route and the light wavelength are 
determined when the optical signal that comprises the data is transmitted based on the 
light wavelengths. (For example, refer to Japanese Unexamined Patent Application, First 
Publication, No. 2001-53803, paragraphs 17 and 18, and FIG. 1.) 

However, currently there is the problem that a high cost for communication 
equipment is incurred when placing in one exchange office the communication 
equipment that is compatible with each of the different communication protocols related 
to the tunneling technologies for transferring data efficiently in accordance with the 
various services that provide rapidly spreading VPN (virtual private network) and VLAN 
(virtual local area network) and the like. 

In addition, in recent years large-scale networks have been constructed by 
connecting the various networks operated by such different groups as industry, 
communication carriers and the like. Because large-scale networks are constructed by 
using only the high cost conventional data transfer apparatuses described above, there is 
the problem that the costs incurred to construct the network are high. 

In contrast, conventionally MPLS (Multiprotocol Label Switching) is known as 
one transfer technology for IP (Internet Protocol) packets. 

In networks constructed by router apparatuses that are compatible with MPLS, a 
label associated with the destination address of the IP packed is attached to the IP packet 
in an edge router apparatus. Then, a label (output label) added to a transmitted IP packet 
is found based on the label (input label) of the received IP packet in a core router. 
Finally, after swapping the label, the IP packet is transmitted to the next router apparatus. 



and a path is formed using the label. Note that an edge router is a router apparatus 
connected to a network and a terminal that are not compatible with MPLS and another 
MPLS network or the like (an external network), and a core router is a router apparatus 
that carries out the transfer of packets in the MPLS network. 

In addition, a label hierarchy is created, and by referring to the labels of the 
same layer in the network, labeled IP packets are tunneled within the network (refer, for 
example, to Japanese Unexamined Patent Application, First Publication, No. 2002- 
44126). 

However, in this type of conventional router apparatus, at the same time that the 
attachment and swapping of labels is carried out, it is necessary to add a switching tag to 
the packet in order to switch the incoming packet within the router device. This 
switching tag also requires searching by the destination address or the label, and thus 
there is the problem that the processing load increases. In addition, the cost of the router 
device increases due to the increase in the processing load, and thus there is also the 
problem that the cost of constructing the network becomes high. 

Searching by destination address and adding a switching tag for switching 
within a router apparatus is similar to the normal transfer of IP packets. 

Disclosure of Invention 
In order to solve the problems of the conventional technology described above, 
it is an object of the present invention to provide a data transfer apparatus, a data transfer 
system, a router apparatus, and a network system that allow a reduction in the network 
cost. 

More concretely, it is an object of the present invention to provide a data transfer 
apparatus and a data transfer system that reduce the cost of installing in one exchange 
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office communication equipment that is compatible with each of the various dissimilar 
communication protocols and reduce the cost for constructing the network. 

In addition, it is an object of the present invention to provide a router apparatus 
and network system that raise the packet transfer efficiency by reducing the processing 
5 load, reducing the cost of the router apparatus, and thereby reduces the cost for 

constructing the network system, by affixing switching tags to packets in the transfer 
path order and switching the packets within the router apparatuses in sequence according 
to the switching tags. 

These and other objects and novel characteristics of the present invention will 

10 become clear by the disclosures of this specification and the attached drawings. 

Among the inventions disclosed in the present application, the summary of a 
representative invention can be simply explained as follows. 

The data transfer apparatus of the present invention is a data transfer apparatus 
that receives data from an adjacent upstream data transfer apparatus and transfers the 

15 received data to an adjacent downstream data transfer apparatus, and comprises a data 

reception device that receives packets that comply to dissimilar communication protocols 
from the upstream data transfer apparatus; a content data extraction device that extracts 
content data included in a packet received by the data reception device; a line selection 
information storage device in which line selection information for selecting one of 

20 communication lines that comply with dissimilar communication protocols is stored; a 
line selection device that selects a communication line corresponding to the content data 
extracted by the content data extraction device based on the line selection information 
stored in the line selection information storage device; and a data transfer device that 
transfers the packet to the downstream data transfer apparatus that is connected to the 

25 communication line that has been selected by the line selection device. 
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According to this structure, communication lines that comply with dissimilar 
conmiunication protocols are selected according to the content data included in the 
packets from an upstream data transfer apparatus that comply with dissimilar 
communication protocols, and the data is transferred to a downstream data transfer 
5 apparatus connected to the selected communication line. Thereby, it is possible to reduce 
the cost for installing in one exchange office the communication equipment compatible 
with each of the various dissimilar communication protocols. In addition, because the 
packets are transferred based on line selection information, it is possible to select the 
transfer path by which transfers the packets will be transferred according to network 

10 design that is carried out by the network administrators. 

In addition, the data transfer apparatus of the present invention is a data transfer 
apparatus that receives data from an adjacent upstream data transfer apparatus and 
transfers the received data to an adjacent downstream data transfer apparatus, and 
comprises a data reception device that receives packets that comply to dissimilar 

15 communication protocols from the upstream data transfer apparatus; and a destination 
information extraction device that extracts destination information that represents a 
destination included in a packet that has been received by the data reception device; a 
destination selection information storage device that stores destination selection 
information for selecting a communication line; a destination line selection device that 

20 selects a communication line corresponding to the destination information that has been 
extracted by the destination information extraction device based on the destination 
selection information that is stored in the destination information storage device; a 
content data extraction device that extracts content data included in a packet received by 
the date reception device when a plurality of communication lines have been selected by 

25 the destination selection device; a line selection information storage device that stores 
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line selection information for selecting one of the communication lines that comply with 
dissimilar communication protocols; a line selection device that selects the 
communication line that has been selected by the destination line selection device or 
selects a communication line corresponding to the content data extracted by the content 
5 data extraction device based on the line selection information stored in the line selection 
information storage device; and a data transfer apparatus that transfers the packets to the 
downstream data transfer apparatus connected to the communication line that has been 
selected by the line selection device. 

According to this structure, even with a network configuration in which there are 

10 a plurality of transfer paths based on the destination information included in the packet, 
because the packets are transferred based on line selection information, it is possible to 
select the transfer path for a packet according to the network design carried out by 
network administrators or the like. 

In addition, the data transfer apparatus of the present invention can further 

15 provide a packet analyzing device that analyzes the packet received by the data reception 
device when the destination address information extracted by the destination information 
extraction device represents its own address and a line selection infonnation updating 
device that updates the line selection information stored in the line selection information 
storage device based on information that has been analyzed by the packet analyzing 

20 device. 

According to this structure, for example, because the line selection information 
is updated according to predetermined packets transmitted from the server and the user 
terminal, it is possible to select the transfer path for the packet automatically in response 
to the requests form the server and the user terminal. 



In addition, the data transfer apparatus of the present invention can further 
provide a line selection information input device that inputs the line selection information, 
and the line selection information storage device can store the line selection information 
input from the line selection information input device. 

According to this structure, because the line selection information is input from 
an administrative terminal, it is possible to update the line selection information 
according to the input from the administrative terminal. 

In addition, in the data transfer apparatus of the present invention, the content 
data can include virtual private network information that represents a virtual private 
network. 

According to this structure, because packets are transferred according to the 
virtual private network information that represents a virtual private network, it is possible 
to select a transfer path by which the packets will be transferred according to the services 
that provide virtual private networks to the users. 

This virtual private network information can include VLAN identifiers that are 
stipulated in IEEE 802. IQ. Thereby, because packets are transferreid according to VLAN 
identifiers that are stipulated by IEEE 802.1Q, it is possible to select the transfer path by 
which the packets are transferred according to services that provide VLAN to the users. 

This virtual private network information can include VPN labels that represent 
the VPN stipulated by RFC 2547. Thereby, because the packets are transferred 
according to VPN labels that represent a VPN that is stipulated by RFC 2547, it is 
possible to select the transfer path by which the packets are transferred according to 
services that provide MPLS-VPN to the users. 

This virtual private network information can include VC labels that represent the 
virtual circuit added to the protocol data unit. Thereby, because packets are transferred 
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according to VC labels that represent virtual circuits added to the protocol data unit, it is 
possible, for example, to select the transfer path by which the packets are transferred 
according to services that provide VPN that is realized in layer 2 to the users. 

In addition, in the data transfer apparatus of the present invention, the content 
5 data can include logical line information that represents a logical line. 

According to this structure, because the packets are transferred according to the 
logical line information that represents logical lines, it is possible to select a transfer path 
by which the packets are transferred according to services that provide logical lines to the 
users- 

10 In addition, the data transfer system of the present invention is a data transfer 

system in which a data transfer apparatus described above transfers data to another data 
transfer apparatus described above using a relay method. 

According to this structure, because a network construction becomes possible 
that does not use only expensive conventional data transfer apparatuses, it is possible to 

15 reduce the cost for constructing the network. 

An edge router apparatus according to a first aspect of the present invention is 
an edge router apparatus that is disposed at a connection between a network and the 
outside of the network, receives a packet from the outside of the network and transfers 
the packet to a router apparatus within the network, or transmits a packet from a router 

20 apparatus within the network to the outside of the network, and comprises: a switching 
information calculation device that obtains switching information for switching the 
received packet at each router apparatus positioned along a transfer path of the received 
packet within the network based on a destination address of the packet received from the 
outside of the network; and a transmitting device that affixes to the received packet the 

25 switching information obtained by the switching information calculation device in a 
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transfer path order, and transmits the received packet to which the switching information 
has been affixed to a transfer destination router apparatus . 

According to this structure, in the edge router apparatus, at each router apparatus 
positioned along the transfer path of the received packet in the network, the switching 
5 information for switching the received packet is affixed to the received packet in the 
transfer path order. 

Therefore, in each of the router apparatuses, because it is possible to carry out 
switching by using switching information that has been affixed to the packet, in the core 
router, it is not necessary to carry out a search of the switching information, it is possible 

10 to reduce the processing load, and it is possible to increase the transfer efficiency. 

In addition to the structure of the edge router apparatus of the first aspect 
described above, the edge router apparatus according to a second aspect of the invention 
further provides a routing table that stores switching information for switching the packet 
at each router apparatus positioned along a transfer path of the packet in the network up 

15 to the other network for each network address of the other network, uses a destination 
address of the packet received from the other network, searches the routing table, and 
obtains the switching information for switching the received packet at each router 
apparatus positioned along the transfer path of the received packet within the network up 
to a network specified by the destination address. According to this structure, in each of 

20 the router apparatuses positioned along the transfer path of the received packet in the 

network, the switching information for switching packets is stored as a routing table, and 
the packets are transferred by using the path set in the routing table. Therefore, it is 
possible to find the switching information simply, and it becomes possible to reduce the 
processing load. As a result, it is possible to reduce the cost of the network that includes 

25 router apparatuses. 
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In addition to the structure of the edge router apparatus of the second aspect 
described above, an edge router apparatus according to a third aspect of the present 
invention can provide a data input apparatus for setting the switching information in the 
routing table. According to this structure, the routing table can be set by the data input 
5 apparatus. Thereby, it becomes possible to carry out the setting of the routing table 
simply. As a result, it is possible to reduce the cost of the network that includes router 
apparatuses. 

The core router apparatus of the present invention is a core apparatus that 
receives and transfers a packet to which switching information has been affixed for 
10 switching the packet, and switches the received packet by the core router apparatus itself 
based on the switching information attached to the received packet, and transmits a 
packet that has had the switching information used by the core router apparatus itself 
deleted. 

According to this structure, packets are switched based on the switching 
15 information affixed to the packet, and the packets are transferred after the switching 
information that has been used has been deleted. 

The network system according to a first aspect of the present invention provides 
the edge router apparatus according to the first aspect and the core router apparatus 
described above. 

20 According to this structure, in the edge router apparatus, at each of the router 

apparatuses positioned along the transfer path of the received packet in the network, the 
switching information for switching the packets is affixed in the transfer path order, and 
in the core router apparatus, the switching of the packet is carried out using the switching 
information affixed to the packet, and the packet is transferred after the used switching 

25 information has been deleted in order. 
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Therefore, in the edge router apparatus, the packets are switched and transferred 
depending on the affixed switching information. 

The network system according to a second aspect of the present invention 
provides the edge router apparatus according to the second aspect and the core router 
5 apparatus described above. 

According to this structure, in the edge router apparatus, at each of the router 
apparatuses positioned along the transfer path of the received packet in the network, by 
using the routing table, switching information for switching the received packet is affixed 
to the received packet, and in the core router apparatus, switching of the packets is 
10 carried out by using the switching information affixed to the packet, and the packets are 
transferred after the used switching information is deleted in order. Therefore, packets 
are switched and transferred according to the switching information in the routing table 
that is stored in the edge router apparatus. 

In addition to the structure of the network system described above, the edge 
15 router apparatus can provide a data input apparatus for setting the switching information 
in the routing table. According to this structure, the routing table can be set by using the 
data input apparatus. Thereby, it becomes possible to carry out the setting of the routing 
table simply. 

In addition to the structure of the network system described above, as path 
20 information, the edge router apparatus reports to a core router apparatus or another edge 
router apparatus connected to the edge router apparatus itself a network address of the 
other network connected to the edge router apparatus itself and switching information to 
the other network, and the core router apparatus that has received this path information 
affixes to the received path information the switching information to a core router 
25 apparatus or an edge router apparatus that transmits this path information. The path 
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information that has had the switching information affixed is reported to core router 
apparatuses and edge router apparatuses other than the edge router apparatus or the core 
router apparatus that have transmitted this path information among core router 
apparatuses and edge router apparatuses connected to the core router apparatus itself. 
5 The edge router apparatus that has received this path information can create the routing 
table by using this received path information. 

According to this structure, the packets follow the path from one edge router 
apparatus to another edge router apparatus in reverse order while the switching 
information is sequentially added to the packets, and thereby the switching information is 
10 reported to another edge router and a routing table is created. In this manner, by creating 
a routing table by reporting the information between router apparatuses, it becomes 
possible to set the routing table automatically. 

Brief Description of Drawings 
15 FIG. 1 is a block diagram showing the system structure of the data transfer 

system of the first embodiment of the present invention. 

FIG. 2 is a block diagram showing the schematic structure of the data transfer 
apparatus of the first embodiment of the present invention. 

FIG. 3 is a flowchart showing the operation of the data transfer apparatus of the 
20 first embodiment of the present invention. 

FIG. 4 is a block diagram showing the system construction of the data transfer 
system of the second embodiment of the present invention. 

FIG. 5 is a block diagram showing the schematic structure of the data transfer 
apparatus of the second embodiment of the present invention. 
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FIG. 6 is a flowchart showing the operation of the data transfer apparatus of the 
second embodiment of the present invention. 

FIG. 7 is a block diagram showing the system structure of the data transfer 
system of the third embodiment of the present invention. 
5 FIG. 8 is a block diagram showing the schematic structure of the data transfer 

apparatus of the third embodiment of the present invention. 

FIG. 9 is a flowchart showing the operation of the data transfer apparatus of the 
third, embodiment of the present invention. 

FIG. lOA to FIG. IOC are diagrams showing the packet structure that shows the 
10 network information for a virtual private network. 

FIG. 11 is a block diagram showing the schematic structure of the router 
apparatus of the fourth embodiment of the present invention. 

FIG. 12 is a block diagram showing the schematic structure of the first line 
interface unit shown in FIG. 11. 
15 FIG. 13 is a block diagram showing the schematic structure of the second line 

interface unit shown in FIG. 11. 

FIG. 14 is a drawing that shows the content of the routing table stored in the 
data memory unit shown in FIG. 12. 

FIG. 15 is a drawing showing the format of a packet that is input into the 
20 switching unit shown in FIG. 11. 



Best Mode for Carrying Out the Invention 
Below, embodiments of the present invention will be explained with reference to 
the figures. 
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Note that in all the figures for explaining the embodiments, parts having the 
same function are denoted by the same reference numeral, and repetition of the 
explanation thereof has been omitted. 
First Embodiment 

5 FIG. 1 is a block diagram showing the system structure of the data transfer 

system of the first embodiment of the present invention. 

As shown in FIG. 1, although the data transfer system 41 of the present 
embodiment is formed so as to include a plurality of data transfer apparatuses 100, the 
data transfer device 41 can be formed by only one data transfer apparatus 100. In 
10 addition, the data transfer system 41 can form a backbone network, and the backbone 

network connects to external networks including a layer 1 network 10, a layer 2 network 
20, and a layer 3 network 30. 

The layer 1 network 10 is formed so as to include the upstream data transfer 
apparatus 51 and the downstream data transfer apparatus 61. 
15 Note that the term "upstream data transfer apparatus" denotes a data transfer 

apparatus that transmits received data when viewed from the data transfer apparatus that 
receives data. The term "downstream data transfer apparatus" denotes the data transfer 
apparatus that receives transmitted data when viewed from the data transfer apparatus 
that transmits data. 

20 The upstream data transfer apparatus 51 and the downstream data transfer 

apparatus 61 comply with well-known communication protocols such as WDM 
(wavelength division multiplexing), determine a path and a light wavelength when 
transmitting an optical signal that comprises data based on the light wavelengths, and 
transmit the optical signal based on the determined path and light wavelength. 
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In addition, data can be transferred based on packets that comply with well- 
known protocols such as SDH (Sjmchronous Digital Hierarchy) and ATM 
(Asynchronous Transfer Mode). In the upstream data transfer apparatus 51 and the 
downstream data transfer apparatus 61, these communication protocols can be mixed, 
5 and data can be transferred based on packets that comply with their respective 
communication protocols. 

The layer 2 network 20 is formed so as to include an upstream data transfer 
apparatus 52 and a downstream data transfer apparatus 62. 

The upstream data tranisfer apparatus 52 and the downstream data transfer 
10 apparatus 62 transfer data based on packets that comply with well-known communication 
protocols such as Ethernet. 

In addition, the upstream data transfer apparatus 52 and the downstream data 
transfer apparatus 62 can transfer data based on packets that comply with well-known 
communication protocols such as MPLS (Multiprotocol Label Switching). In the 
15 upstream data transfer apparatus 52 and the downstream data transfer apparatus 62, these 
communication protocols can be mixed, and data can be transferred based on packets that 
comply with their respective communication protocols. 

The layer 3 network 30 is formed so as to include an upstream data transfer 
apparatus 53 and a downstream data transfer apparatus 63. 
20 The upstream data transfer apparatus 53 and the downstream data transfer 

apparatus 63 determine the path when data is transferred based on packets (below, 
referred to as IP packets) that comply with the Internet Protocol, and transmit the IP 
packets on the determined path. 

FIG. 2 is a block diagram showing the schematic structure of the data transfer 
25 apparatus in the first embodiment of the present invention. 
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As shown in FIG. 2, the data transfer apparatus 100 of the present embodiment 
provides a data reception device 110, a content data extraction device 120, a line 
selection information storage device 130, a line selection device 140, an optical space 
switch 141, a data transfer device 150, and a line selection information input device 160. 

The data reception device 110 includes a line interface 111 that receives an 
optical signal transmitted from the upstream data transfer apparatus 51 that forms the 
layer 1 network 10; a line interface 112 that receives packets that has been transmitted 
from the upstream data transfer apparatus 52 that forms the layer 2 network 20 and 
comply with the Ethernet; a line interface 113 receives packets that has been transmitted 
from the upstream data transfer apparatus 52 that forms the layer 2 network 20 and 
comply with MPLS; and a line interface 114 that receives IP packets transmitted from the 
upstream data transfer apparatus 53 that forms the layer 3 network. 

In addition, the line interface 111 transmits a predetermined optical signal to the 
optical space switch 141 based on the light wavelength that forms the received optical 
signal. Note that in FIG. 2, although four line interfaces are shown, the number of line 
interfaces is not limited to four. 

The data reception device 110 receives data that comply with dissimilar 
communication protocols via the line mterface 111, the line interface 112, the line 
interface 113, and the line interface 114, and the packets comprising the received data are 
output to the content data extraction device 120. 

The packets output from the data reception device 110 are input into the content 
data extraction device 120, the content data extraction device 120 extracts the content 
data that is included in the input packet, and the extracted content data or a packet 
corresponding to the extracted content data is output to the line selection device 140. 
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For example, virtual private network information that represents a virtual private 
network, or logical line information that represents a logical line such as an LSP (Label 
Switched Path) in MPLS (Multiprotocol Label Switching) or a VP (Virtual Path) and VC 
(Virtual Channel) in ATM (Asynchronous Transfer Mode) are included in the content 
5 data. 

The line selection information storage device 130 stores the line selection 
information for selecting the communication lines that comply with dissimilar 
communication protocols. 

Line selection information that is output from the line selection information 
10 input device 160 can be input into this line selection information storage device 130, and 
the line selection information storage device 130 can store the input line selection 
information. 

The line selection information includes, for example, the content data included 
in the packet and information that represents the association between the identifiers of the 
15 line interfaces for transmitting packets. 

Note that virtual private network information is included in the content data, and 
FIG. lOA to FIG. IOC are packet structure diagrams showing the virtual private network 
information. 

The virtual private network information included in the packet 1000 includes, 
20 for example, as shown in FIG. lOA, a VLAN identifier 1001 that is stipulated in IEEE 
802. IQ (Institute of Electrical and Electronics Engineers); as shown in FIG. lOB, a VPN 
label 1002 that represents the VPN (virtual private network) stipulated in RFC 2547 
(Request for Comments); and as shown in FIG, IOC, a VC label 1003 that represents a 
virtual circuit (VC) affixed to a protocol data unit (PDU). 
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Note that the PDU shown in FIG. IOC includes data stipulated in IEEE 802.3 
and data stipulated in IEEE 802.1Q, and the tunneling header includes a shim header and 
the like. 

Here, Table 1 shows an example of the line selection information that represents 
5 the association between the virtual private network information and the identifiers of the 
line interfaces. Note that the line interfaces comprises a communication line. 



Table 1 



Content data (virtual private network information) 


Line interface 


VLAN identifier: from 10 to 20 


Line interface #151 


VPN label: from 101 to 200 


Line interface #152 


VC label: from 101 to 200 


Line interface #153 


Other packets 


Line interface #154 



In addition, the logical line information that represents the logical line is 
10 included in the content data, and the VP (Virtual Path), the VC (Virtual Channel), and the 
LSP (Label Switched Path), which is transferred based on the label that forms the shim 
header, are included in the logical line. 

Here, Table 2 shows an example of the line selection information that represents 
the association between the logical line information and the identifiers of the line 
15 interfaces. 
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Table 2 



Content data (logical line information) 


Line interface 


Label that fonns the shim header: from 1 to 5 


Line interface #151 


VP: from 10 to 20 


Line interface #152 


VP = 1 and VC: from 101 to 200 


Line interface #153 


Other packets 


Line interface #154 



The content data and the packets output from the content data extraction device 
120 are input into the line selection device 140. 
5 The line selection device 140 selects the line interface corresponding to the input 

content data based on the line selection information stored in the line selection 
information storage device 130, and the line selection identifiers that represent the 
selected line interface and the input packets are output to the data transfer device 150. 

For example, as shown in Table 1, in the case that the input is a packet 1000 in 
10 which the value represented by the VLAN identifier 1001 is from 10 to 20, the line 

selection device 140 outputs the selected line identifier that represents the line interface 
151 and the packet 1000 to the data transfer device 150. 

In addition, in the case that the input is a packet 1000 in which the value 
represented by the VPN label 1002 is from 101 to 200, the line selection device 140 
15 outputs the selected line identifier that represents the line interface 152 and the packet 
1000 to the data transfer device 150. 

In addition, in the case that the input is a packet 1000 in which the value 
represented by the VC label 1003 is from 101 to 200, the line selection device 140 
outputs the selected line identifier that represents the line interface 153 and the packet 
20 1000 to the data transfer device 150. 
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Furthermore, in the case that the input is a packet in which the value represented 
by the VLAN identifier 1001 outside the range from 10 to 20, a packet in which the value 
represented by the VPN label 1002 is outside the range from 101 to 200, a packet in 
which the value represented by the VC label 1003 is outside the range from 101 to 200, 
5 or a packet 1000 that does not include virtual private network information in the content 
data, the line selection device 140 outputs the selected line identifier representing the line 
interface 154 and the packet 1000 to the data transfer device 150. 

In addition, as shown in Table 2, in the case that the input is a packet in which 
the value represented by the label that forms the shim header is from 1 to 5, the line 
10 selection device 140 outputs the selected line identifier representing the line interface 151 
and the packet to the data transfer device 150. 

In addition, in the case that the input is a cell in which the value represented by a 
VP is from 10 to 20, the line selection device 140 outputs a selected line identifier that 
represents the line interface 152 and the cell to the data transfer device 150. Note that 
15 according to the regulations of ATM, a packet that is formed by a 53 octets is referred to 
as a cell. 

In addition, in the case that the input is a cell in which the value represented by 
the VP is 1 and the value represented by the VC is from 101 to 200, the line selection 
device 140 outputs a selected line identifier that represents the line interface 153 and the 
20 cell to the data transfer device 150. 

Furthermore, in the case that the input is a packet in which the value represented 
by the label that forms the shim header is outside a range from 1 to 5, the cell in which 
the value represented by the VP is outside a range from 10 to 20, a cell in which the 
value of VP is 1 and the value represented by VC is outside a range from 101 to 200, or a 
25 packet that does not include logical line information in the content data, the line selection 
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device 140 outputs the selected line identifier that represents the line interface 154 and 
the packet to the data transfer device 150, 

The identifier of the line interface and packet output from the line selection 
device 140 are input into the data transfer device 150, and the data transfer device 150 
5 transfers the data including of the packets to the downstream data transfer apparatus 61, 
the downstream data transfer apparatus 62, or the downstream data transfer apparatus 63 
that is connected to the communication line indicated by the input selected line identifier. 

The data transfer device 150 includes a switching unit 155, a line interface 151, 
a line interface 152, a line interface 153, and a line interface 154. 
10 The selected line identifier and the packet output from the line selection device 

140 are input into the switching unit 155, and the switching unit 155 outputs the packet 
to communication line indicated by the input selected line identifier, that is, any one 
among the line interfaces. 

The packets output from the switching unit 155 are input into the line interface 
15 151, and the line interface 151 transmits the optical signal that forms the data including 
the input packets to the downstream data transfer apparatus 61. 

In addition, the line interface 151 transmits the optical signal transmitted by the 
optical space switch 141 to the downstream data transfer apparatus 61. Note that in FIG. 
2, although four line interfaces are illustrated, the number of line interfaces is not limited 
20 to four. 

The line interface 152 inputs the packets output from the switching unit 155, and 
the line interface 152 transmits the input packets to the downstream data transfer 
apparatus 62 in compliance with Ethemet. 
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The line interface 153 inputs the packets output from the switching unit 155, and 
the line interface 153 transmits the input packets to the downstream data transfer 
apparatus 63 in compliance with MPLS. 

The packets output from the switching unit 155 are input into the line interface 
154, and the line interface 154 converts the input packets into IP packets and transmits 
the converted IP packets to the downstream data transfer apparatus 64. 

The optical space switch 141 receives the optical signal transmitted by the line 
interface 111, converts the light wavelength that forms the received optical signal, and 
transmits the optical signal including the converted light wavelength to the line interface 
151. 

The line selection information from an administrative terminal 70 is input into 
the line selection information input device 160, and the input line selection information is 
output to the line selection information storage device 130. Note that according to the 
present invention, the line selection information input device 160 can input the line 
selection information from the administrative terminal 70 via an administrative network 
that is administered by a communication carrier or the like. 

Below, the operation of the data transfer apparatus according to the first 
embodiment of the present invention will be explained with reference to FIG. 3. 

FIG. 3 is a flowchart showing the operation of the data transfer apparatus of the 
first embodiment of the present invention. 

First, the line selection information is input into the line selection information 
input device 160 via the administrative network from the administrative terminal 70, and 
stored in the line selection information storage device 130 (step S 101). 
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In contrast, packets formed by data complying with dissimilar communication 
protocols are received by the data reception device 110 via the line interface 111, line 
interface 112, line interface 113, and the line interface 114 (step S 102). 

When the packets are input into the content data extraction device 120, the 
5 content data included in the packet is extracted by the content data extraction device 120 
(step S 103). 

Next, when the packets have been input into the line selection device 140, the 
selected line identifier that indicates the line interface associated with the content data is 
selected by the line selection device 140 based on the line selection information stored in 
10 the line selection information storage device 130 (step S 104). 

Next, when the packets are input into the data transfer device 150, the data 
including the packets is output to the communication line indicated by the selected line 
identifier, that is, any one among the line interfaces, by the switching unit 155, and then 
transferred to a downstream data transfer apparatus (step S 105). 
15 Subsequently, when the data is received by the data transfer apparatus 100, the 

steps from step S 102 to step S 105 are repeated. 

Note that in the data transfer system 41 shown in FIG. 1, the data that is 
transmitted to the data transfer apparatus 100-1 from the upstream data transfer apparatus 
51, the upstream data transfer device 52, and the upstream data transfer apparatus 53 is 
20 transferred by using a relay method, for example, to the data transfer apparatus 100-2 by 
the data transfer apparatus 100-1, transferred to the data transfer apparatus 100-3 by the 
data transfer apparatus 100-2, and then transferred to any among the downstream data 
transfer apparatus 61, downstream data transfer apparatus 62, or downstream data 
transfer apparatus 63 by the data transfer apparatus 100-3. 



24 

As explained above, the data transfer apparatus of the first embodiment of the 
present invention selects communication lines that comply with dissimilar 
communication protocols depending on the content data, which in included in data 
complying with dissimilar protocols, from an upstream data transfer apparatus, and 
5 transfers the data to the downstream transfer apparatus connected to the selected 

communication line. Thereby, it is possible to decrease the cost for installing respective 
communication equipment for each dissimilar communication protocol in one exchange 
office. 

In addition, because packets are transferred based on the line selection 
10 information, it is possible to select the transfer path by which the packets will be 

transferred depending on network design carried out by the network administrator or the 
like. 

In addition, because packets are transferred depending on the virtual private 
network information what represents the virtual private network, it is possible to select 

15 the transfer path through which the packets will be transferred depending on the services 
or the like that provide the virtual private network to the user. 

In addition, because packets are transferred depending on the logical line 
information that represents the logical line, it is possible to select the transfer path 
through which the packets will be transferred depending on the services or the like that 

20 provide the logical line to the user. For example, because packets are transferred 
depending on the label that represents LSP, it is possible to select the transfer path 
through which the packets will be transferred depending on the services or the like that 
provide LSP to the user. 
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Furthermore, because packets are transferred depending on VP and VQ it is 
possible to select the transfer path through which the packets will be transferred 
depending on services or the like that provide VP or VC to the user. 

In addition, because packets are transferred depending on VLAN identifiers 
5 stipulated in IEEE 802. IQ, it is possible to select the transfer path through which the 
packets will be transferred depending on services or the like that provide VLAN to the 
user. 

In addition, because packets are transferred according to VPN labels that 
represent VPN stipulated by RFC 2547, it is possible to select the transfer path through 
10 which the packets will be transferred depending on services and the like that provide 
MPLS- VPN to the user. 

In addition, because packets are transferred depending on VC labels that 
represent the virtual circuit added to the protocol data unit, it is possible, for example, to 
select the transfer path through which the packets will be transferred depending on 
15 services and the like that provide VPN realized in layer 2 to the user. 

In addition, because line selection information is input from an administrative 
terminal, it is possible to update the line selection information depending on input fronl 
the administrative terminal. 

In addition, because the data transfer system of the first embodiment of the 
20 present invention allows network construction without using only conventional high cost 
data transfer apparatuses, it is possible the decrease the cost of constructing the network. 
Second Embodiment 

FIG. 4 is a block diagram showing the system configuration for the data transfer 
system according to the second embodiment of the present invention. 
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As shown in FIG. 4, the data transfer system 42 of the present embodiment is 
formed so as to include a plurality of data transfer apparatuses 100 and a data transfer 
apparatus 200. However, the data transfer system 42 can be formed by one data transfer 
apparatus 200 or can be formed by a data transfer apparatus 200 and other data transfer 
5 apparatuses. In addition, the data transfer system 42 can form a backbone network, and 
the backbone network is connected to an external network including a layer 1 network 10, 
a layer 2 network 20, and a layer 3 network 30. 

FIG. 5 is a block diagram showing the schematic structure of the data transfer 
apparatus according to the second embodiment of the present invention. 

10 As shown in FIG. 5, the data transfer apparatus 200 of the present embodiment 

including a data reception device 110, a content data extraction device 120, a line 
selection information storage device 130, a line selection device 240, an optical space 
switch 141, a data transfer device 150, a line selection information input device 160, a 
destination information extraction device 270, a destination selection information storage 

15 device 271, and a destination line selection device 280. 

Note that among the devices that structure the data transfer apparatus 200 
according to the second embodiment of the present invention, devices identical to the 
devices that form the data transfer apparatus 100 of the first embodiment are denoted by 
identical reference numerals, and the explanations thereof have been omitted. 

20 The destination information extraction device 270 inputs packets output from 

the data reception device 110, the destination information extraction device 270 extracts 
the destination information that represents the destination included in the input packet, 
and the extracted destination information and packets are output to the destination line 
selection device 280. 
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The destination selection information storage device 271 stores the destination 
selection information for selecting the communication line based on the destination 
information. Note that the destination selection information can be generated in 
compliance with path control protocols such as OSPF (Open Shortest Path First) and can 
5 be input from the administrative terminal. 

An example of the destination selection information that shows the association 
between the destination information and the identifier of the line interface is shown in 
Table 3. 

Table 3 shows the identifier of the line interface that corresponds to the 
10 destination DP address (Internet Protocol Address) that represents the destination. Note 
that the line interface forms the communication line. 

Table 3 



Destination IP address 


Line interface 


Destination IP address: from 111.0.0.0 to 111.0.0.9 


Line interface #151 
Line interface #152 


Destination IP address: from 222.0.0.0 to 222.0.0.9 


Line interface #152 


Destination IP address: from 333.0.0.0 to 333.0.0.9 


Line interface #153 


Other destination IP addresses 


Line interface #154 



For example, the destination information included in the packet is a destination 
15 IP address, and in the case that the destination IP address represents "Destination IP 

address: from 111.0.0.0 to 111.0.0.9", the line interface 151 and the line interface 152 are 
selected. 

The destination information and the packets output from the destination 
information extraction device 270 are input into the destination line selection device 280, 
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and the destination line selection device 280 selects the line interface corresponding to 
the input destination information based on the destination selection information stored in 
the destination selection information storage device 271. 

In the case that a plurality of line interfaces are selected, the destination line 
5 selection device 280 outputs the input packets to the content data extraction device 120. 

In the case that a plurality of line interfaces are not selected, the destination line 
selection device 280 outputs the selected line identifier that represents the selected line 
interface and the input packet to the line selection device 240. 

The selected line identifier and the packet output from the destination line 
10 selection deyice 280 are input into the line selection device 240, and the line selection 
device 240 outputs the input selected line identifier and the input packet to the data 
transfer device 150. 

In addition, the content data and the packets output from the content data 
extraction device 120 are input into the line selection device 240, and the line selection 
15 device 240 selects the line interface corresponding to the input content data based on the 
line selection information stored in the line selection information storage device 130, and 
the selected line identifier that represents the selected line interface and the input packet 
are output to the data transfer device 150. 

Below, the operation of the data transfer apparatus according to the second 
20 embodiment of the present invention will be explained with reference to FIG. 6. 

FIG. 6 is a flowchart showing the operation of the data transfer apparatus 
according to the second embodiment of the present invention. Note that the operations of 
the data transfer apparatus 200 of the second embodiment of the present invention that 
are identical to the operation of the data transfer apparatus of the first embodiment 
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described above are denoted by the same reference symbols, and their explanation has 
been omitted. 

First, the destination selection information is generated in compliance with a 
path control protocol such as OSPF, and stored in the destination selection information 
5 storage device 271 (step S 201). 

When the packets are input into the destination information extraction device 
270, the destination information included in the packets is extracted by the destination 
information extraction device 270 (step S 202). 

Next, when the packets and destination information are input into the destination 
10 line selection device 280, based on the destination selection information stored in the 
destination selection information storage device 271, the line interface associated with 
the destination information is selected by the destination line selection device 280 (step S 
203). 

In the case that a plurality of line interfaces have been selected, the packets are 
15 input into the content data extraction device 120 from the destination line selection 
device 280. In the case that a plurality of line interfaces has not been selected, the 
packets are output from the destination line selection device 280 to the line selection 
device 240 (step S 204). 

Next, when the packets are input into the line selection device 240, based on 
20 selected line identifiers and packets output from the destination line selection device 280 
or based on the line selection information stored in the line selection information storage 
device 130, the line selection identifier that represents the line interface associated with 
the content data is selected, and the selected line identifier that represents the selected 
line interface and the packets are output to the data transfer device 150 (step S 205). 
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Note that in the data transfer system 42 shown in FIG. 4, the data transmitted 
from the upstream data transfer apparatus 51, the upstream data transfer device 52, or the 
upstream data transfer apparatus 53 to the data transfer apparatus 200 is transferred by 
using a relay method, for example, to the data transfer apparatus 100-2 by the data 
5 transfer apparatus 200, transferred to the data transfer apparatus 100-3 by the data 
transfer apparatus 100-2, and transferred to any among the downstream data transfer 
apparatus 61, the downstream data transfer apparatus 62, or the downstream data transfer 
apparatus 63 by the data transfer apparatus 100-3. 

As explained above, the data transfer apparatus accx)rding to the second 
10 embodiment of the present invention can select transfer paths for packets depending on 
network design carried out by the network administrators because the packets are 
transferred based on line selection information, even in a network structure in which 
there are a plurality of transfer paths based on destination information included in the 
packets. 

15 In addition, because the data transfer system according to the second 

embodiment of the present invention allows network construction without using only 
conventional high cost data transfer apparatuses, it is possible the decrease the cost of 
constructing the network. 
Third Embodiment 

20 FIG. 7 is a block diagram showing the system structure of the data transfer 

system according to the third embodiment of the present invention. 

As shown in FIG. 7, the data transfer system 43 of the present embodiment is 
formed so as to include a plurality of data transfer apparatuses 100 and a data transfer 
apparatus 300. However, the data transfer system 43 can be formed by one data transfer 

25 apparatus 300, or can be formed by a data transfer apparatus 300 and other data transfer 
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apparatuses. In addition, the data transfer system 43 can form a backbone network, and 
the backbone network can be connected to an external network including a layer 1 
network 10, a layer 2 network 20, and a layer 3 network 30. 

FIG. 8 is a block diagram showing a schematic structure of the data transfer 
5 apparatus according to the third embodiment of the present invention. 

As shown in FIG. 8, the data transfer apparatus 300 of the present embodiment 
including a data reception device 110, a content data extraction device 120, a line 
selection information storage device 130, a line selection device 240, an optical space 
switch 141, a data transfer device 150, a line selection information input device 160, a 
10 destination information extraction device 370, a destination selection information 

storage device 271, a destination line selection device 280, a packet analyzing device 390, 
and a line selection information updating device 391. 

Note that among the devices that form the data transfer apparatus 300 of the 
third embodiment of the present invention, devices identical to those that form the data 
15 transfer apparatus 200 of the second embodiment described above are denoted by 
identical reference numerals and their explanation is omitted. 

The packets output from the data reception device 110 are input into the 
destination information extraction device 370, the destination information extraction 
device 370 extracts the destination information that represents the destination contained 
20 in the input packets, and the extracted destination information and the packets are output 
to the destination line selection device 280. 

In addition, when the extracted destination information represents its own 
address, the destination information extraction device 370 outputs packets to the packet 
analyzing device 390. 
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For example, when the data transfer apparatus 300's own address is "100" and 
the destination information is "100", the destination information extraction device 370 
outputs the packets to the packet analyzing device 390. 

The packets output from the destination information extraction device 370 are 
5 input into packet analyzing device 390, the packet analyzing device 390 analyzes the 
input packets, and the analyzed information is output to the line selection information 
updating device 391. 

The analyzed information output from the packet analyzing device 390 is input 
into the line selection information updating device 391, and the line selection information 
10 updating device 391 updates the line selection information stored in the line selection 
information storage device 130 based on the input analyzed information. 

An example of the line selection information updated based on the line selection 
information shown in Table 2 is shown in Table 4. 

At this time, the content data contained in the packet is a label that forms a shim 
15 header, and in the case that the shim header indicates "label: from 6 to 9", the packets are 
transferred via the line interface 151. 

* For example, in the case that a packet transmitted by a predetermined terminal is 
transferred via the layer 1 network 10 included in the downstream data transfer apparatus 
61, an updating packet for updating the line selection information is transmitted from the 
20 server 80, and the line selection information shown in FIG. 2 is updated as shown in FIG. 
4 based on the updating packet. 
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Table 4 



Content data (logical line information) 


Line interface 


Label forming the shim header: from 1 to 5 


Line interface #151 


VP: from 10 to 20 


Line interface #152 


VP = 1 and VC: from 101 to 200 


Line interface #153 


Other packets 


Line interface #154 


Label forming the shim header: from 6 to 9 


Line interface #151 (updated) 



Below, the operation of the data transfer apparatus according to the third 
embodiment of the present invention will be explained with reference to the figures. 
5 FIG. 9 is a flowchart showing the operation of the data transfer apparatus 

according to the third embodiment of the present invention. Note that among the 
operations of the data transfer apparatus 300 according to the third embodiment of the 
present invention, operations identical to those of the data transfer apparatus according to 
the second embodiment described above are denoted by the same reference symbols, and 
10 their explanation is omitted. 

First, in the case that the destination information extracted by the destination 
information extraction device 370 indicates its own destination address, the packet is 
output to the packet analyzing device 390 by the destination information extraction 
device 370. In the case that the destination information extracted by the destination 
15 information extraction device 370 does not indicate its own address, the packet is output 
to the destination line selection device 280 by the destination information extraction 
device 370 (step S 301). 

Next, when the packet is input into the packet analyzing device 390, the packet 
is analyzed by the packet analyzing device 390 (step S 302). 
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When the analyzed information is input into the line selection information 
updating device 391, the line selection information is updated by the line selection 
information updating device 391 (step S 303). 

Note that in the data transfer system 43 shown in FIG. 7, the data transmitted to 
5 the data transfer apparatus 300 from the upstream data transfer apparatus 51, the 
upstream data transfer device 52, and the upstream data transfer apparatus 53 is 
transferred by using a relay method, for example, to the data transfer apparatus 100-2 by 
the data transfer apparatus 300, transferred to the data transfer apparatus 100-3 by the 
data transfer apparatus 100-2, and then transferred to any among the downstream data 
10 transfer apparatus 61, downstream data transfer apparatus 62, or downstream data 
transfer apparatus 63 by the data transfer apparatus 100-3. 

As explained above, the data transfer apparatus according to the third 
embodiment of the present invention can select the transfer path for packets 
automatically depending on the request from the server or the terminal of the user 
15 because the line selection information is updated depending on a predetermined packet 
that has been transmitted from a server or the terminal of a user. 

In addition, the data transfer system according to the third embodiment of the 
present invention can decrease the cost for constructing the network because the network 
construction is possible without using only conventional high cost data transfer 
20 apparatuses. 

Fourth embodiment 

Similar to the first embodiment through the third embodiment described above, 
the fourth embodiment relates to decreasing the network cost, and decreases the network 
cost by raising the transfer efficiency of the packets by reducing the processing load. 
25 Below, only the characteristics of the fourth embodiment will be explained, but it is 
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possible to realize a further reduction in the network cost by applying the first 
embodiment through the third embodiment to the present embodiment. 

FIG. 11 is a block diagram showing the schematic structure a router apparatus 
according to the fourth embodiment of the present invention. 
5 In FIG. 11, the router apparatus according to the present embodiment is 

connected to lines and controls the transfer of packets received from the lines. In 
addition, the router apparatus includes a first and second line interface units (1300 and 
1400) that control the transmission of packets to the relevant lines; switching unit 1200 
that switches the packets input from the first and second line selection units (1300 and 
10 1400) and outputs the packets to a predetermined line interface unit on the egress; a 
control unit 1100 that controls the first and second line interface units (1300 and 1400) 
and the switching unit 1200; and a data input apparatus 1500 for inputting each type of 
data to the router apparatus. 

The connection between the first and second line interface units (1300 and 1400) 
15 and the switching unit 1200 is formed so as to be attachable and detachable, and it is 
possible to connect the switching unit 1200 by fireely combining the line interface units 
that have dissimilar functions to form the router apparatus. 

FIG. 12 is a block diagram showing a schematic structure of the first line 
interface unit 1300 shown in FIG. 11. The first line interface unit 1300 can be used in 
20 connections outside the network, such as another network. 

As shown in FIG. 12, the first line interface unit 1300 includes an ingress line 
terminator 1310, an ingress packet processing unit 1320, an egress packet processing unit 
1340, and an egress line terminator 1350. 

The ingress line terminator 1310 is connected to another network via a line, 
25 extracts the packets from data received via that line, and the ingress packet processing 
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unit 1320 carries out processing such that the packets extracted by the ingress line 
terminator 1310 are switched to a desired egress line. 

The egress packet processing unit 1340 processes packets switched by the 
switching unit 1200 into output packets, and the egress line terminator 1350 transmits the 
5 packets input from the egress packet processing unit 1340 to another network or another 
router apparatus via a connected line. 

The ingress line terminator 1310 provides an optical/electrical (O/E) converting 
unit 1311 that converts an optical signal into an electrical signal and an ingress physical 
layer processing unit 1312 that extracts packets by carrying out processing for the 
10 physical layer on the electric signal that has been converted by the O/E conversion unit 
1311. 

The ingress packet processing unit 1320 provides an ingress forwarding 
processing unit (ingress FW processing unit) 1321, a data memory unit 1322, a QoS 
processing unit 1323, and an input switching interface unit (SW-IF) 1324. 

15 Based on the destination address of the input packets, the ingress forwarding 

processing unit 1321 finds the switching tags in each of the router apparatuses that are 
passed through up to the network indicated by this destination address (including the 
apparatus itself; that is, each of the routing apparatuses positioned along the transfer path 
of the packets within the network), affixes the apparatus's own switching tag to the 

20 packets, and at the same time, sets the switching tags of other apparatuses to the label of 
the respective shim headers, and affixes the switching tags to the shim headers in the 
order of the transfer path order. 

The data memory unit 1322 is connected to the ingress forwarding processing 
unit 1321, and for each of the addresses of the other networks, stores the switching tags 
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and the like of the router apparatuses through which the packets pass up to these other 
networks. 

The QoS processing unit 1323 carries out QoS (Quality of Service) processing, 
such as DiffServ (differentiated services), coloring, and policing, on the packets. 
5 The ingress switching interface unit 1324 outputs the packets to the switching 

unit 1200. 

Egress packet processing unit 1340 provides an egress switching interface unit 
1342 that outputs the packets output by the switching unit 1200 to the egress forwarding 
processing unit 1341 and an egress forwarding processing unit 1341 that outputs the 
10 packets to the egress line terminator 1350 after eliminating the switching tags affixed to 
the packets. 

The egress line terminator 1350 provides an egress physical layer processing 
unit 1352 that converts packets input from the egress packet processing unit 1340 into a 
signal for the physical layer and an electric/optical (E/O) conversion unit 1351 that 
15 converts the signal that has been converted by the egress physical layer processing unit 
1352 into an optical signal. 

FIG. 13 is a block diagram showing the schematic structure of the second line 
interface unit 1400 shown in FIG. 11. The second line interface unit 1400 is used at the 
connections between router apparatuses. 
20 As shown in FIG. 13, the second line interface unit 1400 provides an ingress line 

terminator 1410, an ingress packet processing unit 1420, an egress packet processing unit 
1440, and an egress line terminator 1450. 

The ingress line terminator 1410 is connected via lines to other router 
apparatuses and extracts packets from the data received via these lines. 
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The ingress packet processing unit 1420 carries out processing in which the 
packets extracted by the ingress line terminator 1410 are switched to the desired egress 
line. 

The egress packet processing unit 1440 processes the packets switched by the 
5 switching unit 1200 into output packets. 

The egress line terminator 1450 transmits the packets input from the egress 
packet processing unit 1440 to other routing apparatuses via the connected lines. 

The ingress terminator 1410 provides an optical/electrical (O/E) converting unit 
1411 that converts an optical signal into an electrical signal and an ingress physical layer 
10 processing unit 1412 that extracts packets by carrying out processing for the physical 
layer on the electric signal that has been converted by the O/E converting unit 1411. 

The ingress packet processing unit 1420 provides an ingress forwarding 
processing unit 1421 and an ingress switching interface unit 1422 that outputs packets to 
the switching unit 1200. 
15 The ingress forwarding processing unit 1421 affixes the value of the label of the 

top shim header of the input packet to the packet as the apparatus's own switching tag, 
and at the same time, deletes the top shim header, and moves the next shim header to the 
top. 

The egress packet processing unit 1440 provides an egress switching interface 
20 unit 1442 that outputs the packet output by the switching unit 1220 to the egress 

forwarding processing unit 1441 and an egress forwarding processing unit 1441 that 
outputs the packets to the egress line terminator 1450 after deleting the switching tag 
affixed to the packets. 

The egress line terminator 1450 provides an egress physical layer unit 1452 that 
25 converts packets input from the egress packet processing unit 1440 into a signal for the 
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physical layer, and an electrical/optical (E/O) converting unit 1451 that converts a signal 
that has been converted by the egress physical processing unit 1452 into an optical signal. 

In addition, the data input apparatus 1500 can be connected to the control unit 
1100 of the router apparatus, and as shown in FIG. 14, the data input apparatus 1500 can 
5 store a routing table in which the switching tags in router apparatuses (including one for 
the apparatus itself) are arranged for each of the addresses of other networks in order 
from the apparatus itself up to the other networks, the router apparatuses being positioned 
along the transfer path of the packets in the networks, in the memory apparatus of the 
control unit 1100, and at the initial setting and at the time that the content of the routing 
10 table has been rewritten, the control unit 1100 transfers and stores the routing table in the 
data memory unit 1322 of the ingress packet processing unit 1320 of the first line 
interface unit 1300. 

In a network formed by such routing apparatuses, in order to function the router 
apparatus as an edge router, the connection lines with other networks are accommodated 

15 in the first line interface unit 1300, and the connection line with core router apparatuses 
in the network are accommodated in the second line interface unit 1400. 

In addition, to function the router apparatus as a core router apparatus, the 
connecting lines with other core router apparatuses or edge router apparatuses are 
accommodated in the second line interface unit 1400. 

20 When data from another network is received at the ingress line terminator 1310 

of the first line interface unit 1300 of the edge router apparatus of the network formed by 
edge router apparatuses and core router apparatuses, the ingress physical layer processing 
unit 1312 extracts the packets from the incoming data, and inputs the packets into the 
ingress packet processing unit 1320. 
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The ingress forwarding processing unit 1321 of the ingress packet processing 
unit 1320 refers to the destination address of the input packets, reads the switching label 
of the line in which the upper bit of the destination address of the incoming packets 
agrees with the value of the column of the address prefix by using a routing table (such as 
5 that shown in FIG. 14) stored in the data memory unit 1322, affixes the top switching tag 
(in FIG. 14, tag 1 or tag 4) to the packet as the switching tag of the apparatus itself, sets 
the switching tags that follow this to the label of the format of the shim header of the 
MPLS protocol, the set shim headers are arranged in their transfer path order up to the 
destination network, these shim headers are affixed to the packets as stacked shim 
10 headers, and the packets are then passed to the QoS processing unit 1323 using a format 
such as the one shown in FIG. 15. 

The QoS processing unit 1323 carries out DiffServ (differentiated services) 
processing and well-known QoS processing such as coloring and policing on the packets, 
and outputs the packets to the switching unit 1200 via the ingress switching interface unit 
15 1324. 

The packets input into the switching unit 1200 are switched by the switching 
unit 1200 according to the affixed switching tags, and the packets are output to the 
second line interface unit 1400 (transfer to a core router apparatus or an edge router 
apparatus) or the first line interface unit 1300 (returned to the apparatus itself) indicated 
20 by the switching tag. 

In the case of transfer to a core router apparatus or an edge router apparatus, the 
packets that have been input into the second line interface unit 1400 are input into the 
egress forwarding processing unit 1441 via the egress switching interface unit 1442, the 
apparatus's own switching tag is deleted by the egress forwarding processing unit 1441, 
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the packets are converted into signals for the physical layer by the egress line terminator 
1450, and the packets are then converted to an optical signal and delivered to a line. 

Similar to the case of the retuming to the apparatus itself, the apparatus's own 
switching tags are deleted from the packets by the egress forwarding processing unit 
5 1341 of the first line interface unit 1300, the packets are converted into signals for the 
physical layer by the egress line terminator 1350, and then the packets are converted to 
an optical signal and transmitted to a line. 

Next, in the core router apparatus, when the data is received from the edge 
router apparatus or the core router apparatus in the network by the ingress line terminator 
10 1410 of the second line interface unit 1400, the ingress physical layer processing unit 
1412 extracts the packets from the received data, and inputs the packets into the ingress 
packet processing unit 1420. 

The ingress forwarding processing unit 1421 of the ingress packet processing 
unit 1420 refers to the top shim header among the stacked shim headers of the input 
15 packets, affixes the value in the label of this shim header to the packet as the apparatus's 
own switching tag, carries out editing in which the top shim header is deleted and the 
next shim header is moved to the top, and outputs the packets to the switching unit 1200 
via the ingress switching interface unit 1422. 

The packets input into the switching unit 1200 are switched by the switching 
20 unit 1200 depending on the affixed switching tags, and the packets are output to the 

second line interface unit 1400 (transferred to a core router apparatus or an edge router 
apparatus) indicated by the switching tag. 

The packets that have been input into the second line interface unit 1400 are 
input into the egress forwarding processing unit 1441 via the egress switching interface 
25 unit 1442, the apparatus's own switching tag is deleted by the egress forwarding 
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processing unit 1441, the packets are converted into signals for the physical layer by the 
egress line terminator 1450 and then converted into optical signals, and transmitted to a 
line. 

Next, in the edge router apparatus, when the data from a core router apparatus or 
5 an edge router apparatus in the network is received by the ingress line terminator 1410 of 
the second line interface unit 1400, the ingress physical layer processing unit 1412 
extracts the packets from the incoming data and outputs the packets to the ingress packet 
processing unit 1420. 

The ingress forwarding processing unit 1421 of the ingress packet processing 
10 unit 1420 refers to the shim header at the top of the stacked shim headers of an input 
packet, affixes a value in the label of this shim header to the packet as the apparatus's 
own switching tag, and at the same time, deletes the shim header at the top and outputs 
the packets to the switching unit 1200 via the ingress switching interface unit 1422. 

The packets input into the switching unit 1200 are switched by the switching 
15 unit 1200 depending on the affixed switching tags, and output to the first line interface 
unit 1300 (transmitted to another network) indicated by the switching tags. 

The packets input into the first line interface unit 1300 are input into the egress 
forwarding processing unit 1341 via the egress switching interface unit 1342, the 
apparatus's own switching tag is deleted by the egress forwarding processing unit 1341, 
20 the packets are converted into physical layer signals by the egress line terminator 1350, 
and the signals are converted into optical signals and transmitted to the line. 

In this manner, according to the present embodiment, in the edge router 
apparatus, switching tags for the router apparatuses (including the apparatus itself) that 
are passed through up to other networks represented by the destination addresses of the 
25 packets (the router apparatuses positioned along the transfer path of the packets in the 



43 

network) are attached to the packets arranged in the transfer path order and transmitted. 
In the core router apparatus, the switching of the apparatus itself is carried out by the tag 
at the top of the switching tags affixed to the packets, and the packet is transmitted after 
the next tag is moved to the top. Thereby, it is possible to eliminate the search 
5 processing for the output label and the search processing for the switching tags based on 
the input labels of the core router apparatus, and thus it is possible to decrease the 
processing load. 

Moreover, in the present embodiment, the routing table is input by the data input 
apparatus 1500, but the routing table can be created by reporting information between the 

10 router apparatuses, as in the well-known OSPF (Open Shortest Path First) protocol. 

In this case, an edge router apparatus reports to the core router apparatus or edge 
router apparatus connected thereto the network address of other networks connected to 
the apparatus itself and the switching information to the other networks as path 
information, and each of the router apparatuses affixes switching information (switching 

15 tag) for switching to an adjacent router apparatus at the apparatus itself to the path 

information reported from the adjacent router apparatus and notifies other adjacent router 
apparatuses. 

In addition, the edge router apparatus that has received this path information 
creates a routing table by using the received path information. 
20 Thereby, in this method, the packets follow the path from one edge router 

apparatus to another edge router apparatus in reverse order while the switching 
information is sequentially added to the packets, and thereby the switching information is 
reported to another edge router and a routing table is created. 

While the invention made by the present inventors has been described concretely 
25 based on the aforementioned embodiments, it should be understood that the present 



invention is not limited to these embodiments. Modifications can be made without 
departing from the spirit of the present invention. 

For example, it is possible to implement a further decrease in the network cost 
by combining the first through third embodiments with the fourth embodiment that are 
5 described above. 

Industrial Applicability 
According to the present invention, communication lines that conform to 
dissimilar communication protocols are selected according to the content data included in 

10 data conforming to dissimilar communication protocols from upstream data transfer 
apparatuses, and the data is transferred to downstream data transfer apparatuses 
connected to the selected communication line. Thereby, the cost of installing in one 
exchange office communication equipment compatible with each of these dissimilar 
communication protocols and the cost of constructing the networks can be reduced. 

15 In addition, according to the present invention, in the edge router apparatuses, 

information for switching the packets in each of the router apparatuses positioned on the 
transfer path of the packets within the network up to networks represented by destination 
addresses of the packets is affixed to the to the packets in the transfer path order, at the 
core router apparatuses, switching is carried out by using the switching information 

20 affixed to the packet, and transfer is carried out after deleting in sequence the used 

switching information. Thereby, in the core routing apparatuses, it is not necessary to 
carry out a search of the switching information, it is possible to reduce the processing 
load, and it becomes possible to increase the packet transfer efficiency. As a result, it is 
possible to reduce the cost of the network that includes the router apparatuses. 
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Furthermore, according to the present invention, for each of the other network 
addresses, there is a routing table that stores the switching information for switching the 
packets at each of the router apparatuses positioned on the transfer path of the packets in 
the network up to the other networks, and the switching information is found in this 
5 routing table. Thus, it is possible to find the switching information simply, and it 

becomes possible to reduce the processing load. Thereby, it is possible to reduce the cost 
of the network that includes router apparatuses. 

In addition, because the content of the routing table is set from the data input 
apparatus, it becomes possible to carry out the setting of the routing table simply. 
10 In addition, because the routing table is created after information has been 

reported between router apparatuses, it becomes possible to carry out the setting of the 
routing table automatically. 



